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Abstract 
Considering the environments and requirements of the UAV data link, this paper presents an adaptive information transmission 
method. When transmitting the remote control command data, spectrum spread system is used to improve reliability of the data 
link. When transmitting the high rate information such as videos and images, a three-processing-channel optimum strategy is 
used to improve the reliability in different channel conditions. Channel 1 is based on Gardner timing recovery and MCMA 
equalizer, Channel 2 is based on spread spectrum code recovery and MCMA equalizer, Channel 3 is based on Gardner timing 
recovery and carrier recovery. The strategy computes the confidence level of each process channel and chooses the best one as 
the output. Besides, the typical channel which the UAV encountered is analyzed and modeled. Experiments show that this design 
can achieve good performance in complex environments. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Chinese Society of Aeronautics and Astronautics (CSAA).  
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1. Introduction 
The data link is an important part of the UAV, and with ground control station, it can complete the remote control 
of UAV. Meanwhile, the data link can transmit the airborne information such as videos and images. Generally, 
reflection, scattering, diffraction, and shadowing effects together with a direct line-of-sight (LOS) path are known as 
multipath propagation in communications and result in fading of the received signal due to constructive and 
deconstructive superposition. Therefore, it is necessary to establish an appropriate model for the aeronautical 
channel to analyze its performance. Firstly, this paper describes the channel characteristics of UAV communication, 
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which is based on statistical models. And then an adaptive information rate method is presented. At last, simulations 
of key techniques are described. Test results show that this method can meet the requirement of the UAV data link, 
and the data link can work farthest stably in different environments. 
2. UAV communication channel models[1,2] 
The propagation paths are composed of direct component r1, ground reflection components r2 and other reflection 
components r3, Fig.1 shows the channel model. In this paper, three-path model WSSUS (wide-sense stationary 
uncorrelated scattering) is analyzed in UAV air-ground data link [4, 5, 6]. A LOS channel with both specular and 
diffuse multipath is characterized by the impulse response: 
       22 20 1 2, ref refLOS scat scatj j f tj f t j j f tref scath t a e a e e a e eT SS T SW G W G W W G W W       (1) 
Where, a0, a1, a2respectivelypresentsthe amplitude gain of direct components, ground reflection components and 
other reflection components. fLOS is the Doppler shift component. Tref, fref, τref respectively presents phase shift, 
Doppler frequency shift and delay of ground reflection components.Tscat, fscat, τscat respectively presents phase shift, 
Doppler frequency shift and delay of other reflection components. 
In the glide state, there are LOS componentsr1and a strong multipath componentsr2 and r3, which are caused by 
surrounding buildings, mountains and other landforms around the airport. The fading events can be approximated by 
the Rician channel. The proposed Rice factor (K) is 6.9dB [3, 4]. The rural channel model of COST-207 is used in 
this state, the maximum multipath delay is 0.7μs, and the correlation bandwidth of channels is about 1.4MHz. If the 
information rate is above 2Mbps, the signal bandwidth is greater than the correlation bandwidth. The channel shows 
frequency selective fading. 
 
 
Fig. 1 Channel model of A UAV air-ground information transmission  
In the landing or takeoff state, the LOS signal r1is strengthened, r2 and r3is relatively weakened, and the main 
effect of multipath fading is caused by r2 and r3, wherein the delay of r2 is relatively small. For example, the antenna 
height of ground stations is 5m, the aircraft height is 0 to 5Km, the flight distance is 1 to 100Km, and the maximum 
multipath delay is about 16.7ns. In some flight environment, the multipath delay can be above 10μs. The proposed 
value of K is 15dB [4], and the correlation bandwidth is approximately 1MHz with maximum multipath delay of 1μs. 
If the information rate is above 2Mbps, the channel shows frequency selective fading too. 
In the cruise state, r3 is weaker than r1 and r2, and the energy of r3, which is about 1% to 8.4% of r1, can be 
ignored. In this state, the channel consists of r1 and r2. And the effect of multipath signals is mainly caused by r2. 
The K can be set to 10dB [4]. Assuming an ideal ground mirror reflection, the ground station antenna height is 5m, 
the aircraft height is 5 to 20Km, the flight distance is 100 to 200Km, and the multipath delay is about 0.42 to 6.67ns, 
and the minimum correlation bandwidth is approximately up to 150MHz. If the information rate is 2 to 64Mbps, the 
channel shows flat fading. 
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3. Key technical analysis 
The design of the UAV data link requires an assessment of its performance and reliability in the desired 
operational environments. This paper focuses on the different environmental conditions that occur during the 
different flight states, and an adaptive transmission rate method is used to strengthen the system robustness. 
The key techniques include: adaptive information rate design, timing recovery, channel equalizer and so on. The 
main process of transmitter and receiver are shown separately in Fig. 2 and Fig. 3. 
 
 
Fig. 2 Transmitter of UAV data link system 
 
Fig. 3 Receiver of UAV data link system 
3.1. Adaptive information rate design 
The maximum RF bandwidth is determined in some UAV data link to satisfy the maximum information 
transmission rate. There may be differences due to different users, so the rate adaptation must be considered to send 
the information by using a unified communication frame. Fig.4 shows the structure of communication frame. 
 
 
Fig. 4 communication frame structure 
6-' '* **)
:OSOTMXKIU\KX_!
INGTTKRKW[GRO`KX!
ZNXKKINGTTKR
VXKLKXXKJYZXGZKM_
+TIUJOTMGTJ
JKLXGSOTM U[ZV[Z
,XKW[KTI_
ULLYKZ
JOYIXOSOTGZOTM
**) 3GZINLORZKX
6U]KX
KYZOSGZOTM
'-)
HOZ
,XGSKNKGJKX
HOZ
)'@')
HOZ
*OYZGTIK
3KGY[XKSKTZ
HOZ
KSVZ_VGIQKZ
OJKTZOLOIGZOUT
HOZ
H[YOTKYYJGZG
HOZ
KSVZ_VGIQKZ
OJKTZOLOIGZOUT
HOZ
H[YOTKYYJGZG
1102   Jinxi Li et al. /  Procedia Engineering  99 ( 2015 )  1099 – 1107 
Where, the frame header is composed of the pseudo-random sequence, and this sequence is applied to frequency 
discrimination (coarse carrier synchronization), timing synchronization and frame synchronization. The complex 
CAZAC sequence is used for phase ambiguity correction, the next 240bit segment is used for distance measurement, 
the empty packet identification 1 and 2 is used to identify whether the business data segment 1 and 2 is valid. The 
business data segment1 and 2 is used for transmitting the encoded data with variable information in different 
channel conditions. 
When transmitting the aircraft status, uplink control commands, the information is important for the aircraft's 
control. A low bit rate data transmission method is used (12.8Kbps, 25.6Kbps, etc). And the data information is 
encoded by pseudo-random sequences combining with cascade correction coding. 
When transmitting videos and images, a high bit rate data transmission method is used (4.096Mbps, 8.192Mbps, 
etc).In this condition, the data information is the output of TPC coding. 
3.2. Timing Recovery based on interpolation filter 
Fig.5 presents the timing recovery, which is mainly composed of interpolator [7, 8], timing error detector [9], 
loop filter [10] and number-controlled oscillator (NCO). The output of the interpolator is the product of the signal 
x(m) and the impulse response h(t), both of which have I adjacent samples. And the controller of Fig.5 is responsible 
for determining parameters of mk and μk, which is available to the interpolator. The necessary control is provided by 
the NCO, and the signal samples transferred through a shift register are synchronized to the output of NCO at a rate 
of l/Ts. 
 
 
Fig. 5 Timing Recovery Block Diagram 
3.3. Channel Equalizer 
Generally, the receiver uses the channel equalizer to overcome the signal distortion caused by inter-symbol 
interference (ISI) [11, 12]. The modified constant modulus algorithm (MCMA) obtains the cost function of 
unsynchronized signals, and updates weight coefficients of the filter. The cost function is composed of signal’s 
modulus and phase information, so carrier recovery can be completed while the equalizer is working. When there is 
no frequency offset, MCMA can be corrected to recover the arbitrary phase rotation caused by channel fading. 
However, to some extent, MCMA can track the frequency offset in the presence of carrier frequency offset, and the 
weights of the equalizer are adjusted according to the channel characteristics.  
Fig.6 shows the constellation after timing recovery and after equalization, where, the flight speed is 700 Km/h 
and the multipath delay is 0.5μs. As shown in Fig. 6, the constellation is confused, and there are some multipath 
components after timing recovery, and the constellation is concentrated after equalization. 
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Fig. 6 Signal constellation after timing recovery and after equalization 
3.4. BER Performance of M-ary DSSS 
In this section, we analyzed the bit error rate (BER) performance of M-ary (M=16) direct sequence spread 
spectrum system (DSSS). Fig. 7 shows the BER performances tested in theoretical condition and real condition. The 
performance in the real condition has about 0.55dB demodulation loss at 10-5BER value. The loss is mainly caused 
by truncation effects of filters, finite word length effects of digital processing systems, timing and carrier frequency 
offset. 
 
 
Fig. 7 BER of spread spectrum system 
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Fig. 8 BER of spread spectrum system in Rician channels 
Fig. 8 shows the BER performance of 16-ary DSSS in Rician channels. Where, the noise floor is 0dB, the flight 
speed is 100Km/h or 700Km/h. 
In the glide state, the flight speed is less than 100Km/h; the BER of the demodulation is about 10-4 at 6.9dB K 
value. After encoding, the BER performance can be improved to 10-5. In the landing and takeoff state, the flight 
speed is less than 100Km/h, the BER performance is better than 10-8 at 15dB K value. In the cruise state, the flight 
speed is about700Km/h, the BER performance is about 10-6 at 10dB K value. As shown in Fig.9, the Doppler shift 
caused by the flight speed has little effect on M-ary DSSS. 
Fig. 9 shows the simulation results separately in frequency selective fading channel and flat fading channel. The 
demodulation loss is higher in flat fading channel than that in frequency selective fading channel, because the signal 
detection is more difficult in frequency selective fading channel than that in flat fading channel. 
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Fig. 9 Performance of 16-ary DSSS in frequency selective fading channels and in flat fading channels 
3.5. BER Performance of the three-processing-channel optimum strategy 
When transmitting high rate information, there are three signal processing channels to be chosen. Channel 1 is 
based on Gardner timing recovery and MCMA equalizer, Channel 2 is based on spread spectrum code recovery and 
MCMA equalizer, Channel 3 is based on Gardner timing recovery and carrier recovery. 
The output is chosen based on the BER performance of the three processing channels. If the BER performance of 
each processing channel is within the same range, the channel with highest confidence level will be chosen. Fig.10 
and Fig.11 show the results of using three-processing-channel optimum strategy in different channel conditions. 
Where, the multipath delay is supposed to be 0.5μs in frequency selective fading channel and to be 0.1μs in flat 
fading channel. The two figures show that the equalizer plays an important role in fading channels. 
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Fig. 10 Performance of high bit rate transmission in frequency selective fading channels and in flat fading channels 
 
Fig. 11 Performance of high bit rate transmission in AWGN channels 
4. Conclusion 
Within the complex channel condition, UAV data link often encounters obstacle caused by multipath and 
Doppler, such as the worsening of CNR, fading channel, etc. Modern information warfare such as Net Centric 
Warfare requires the UAVs data link having good performance in different channel condition. The airborne military 
data link must be much more flexible and reliable. An adaptive information transmission method is mainly 
described, and the BER performance of this method is discussed in different channel models. The simulation and 
test results show that the proposed method has good performance in different channel conditions such as AWGN 
and fading channels. The three-processing-channel optimum strategy can improve the reliability of UAV data link in 
complex environments, and this paper presents some technical basis for applications of airborne military data link. 
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